This document reflects emerging clinical and scientific advances on the date issued and is subject to change. The information should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be reproduced in any form without prior written permission of the SOGC.
1. Uterine fibroids are common, appearing in 70% of women by age 50; the 20% to 50% that are symptomatic have considerable social and economic impact in Canada . (II-3)
2. The presence of uterine fibroids can lead to a variety of clinical challenges . (III) 3. Concern about possible complications related to fibroids in pregnancy is not an indication for myomectomy except in women who have had a previous pregnancy with complications related to these fibroids. (III) 4 . Women who have fibroids detected in pregnancy may require additional maternal and fetal surveillance . (II-2) 5 . Effective medical treatments for women with abnormal uterine bleeding associated with uterine fibroids include the levonorgestrel intrauterine system, (I) gonadotropin-releasing hormone analogues, (I) selective progesterone receptor modulators, (I) oral contraceptives, (II-2) progestins, (II-2) and danazol . (II-2) 6 . Effective medical treatments for women with bulk symptoms associated with fibroids include selective progesterone receptor modulators and gonadotropin-releasing hormone analogues . (I) 7 . Hysterectomy is the most effective treatment for symptomatic uterine fibroids. (III) 8 . Myomectomy is an option for women who wish to preserve their uterus or enhance fertility, but carries the potential for further intervention . (II-2) 9 . Of the conservative interventional treatments currently available, uterine artery embolization has the longest track record and has been shown to be effective in properly selected patients . (II-3) 10 . Newer focused energy delivery methods are promising but lack long-term data . (III) Recommendations 1. Women with asymptomatic fibroids should be reassured that there is no evidence to substantiate major concern about malignancy and that hysterectomy is not indicated . (III-D)
2 . Treatment of women with uterine leiomyomas must be individualized based on symptomatology, size and location of fibroids, age, need and desire of the patient to preserve fertility or the uterus, the availability of therapy, and the experience of the therapist . (III-B) 3 . In women who do not wish to preserve fertility and/or their uterus and who have been counselled regarding the alternatives and risks, hysterectomy by the least invasive approach possible may be offered as the definitive treatment for symptomatic uterine fibroids and is associated with a high level of satisfaction. (II-2A) 4 . Hysteroscopic myomectomy should be considered firstline conservative surgical therapy for the management of symptomatic intracavitary fibroids. (II-3A) 5 . Surgical planning for myomectomy should be based on mapping the location, size, and number of fibroids with the help of appropriate imaging . (III-A) 6 . When morcellation is necessary to remove the specimen, the patient should be informed about possible risks and complications, including the fact that in rare cases fibroid(s) may contain unexpected malignancy and that laparoscopic power morcellation may spread the cancer, potentially worsening their prognosis . (III-B) 7 . Anemia should be corrected prior to proceeding with elective surgery . (II-2A) Selective progesterone receptor modulators and gonadotropin-releasing hormone analogues are effective at correcting anemia and should be considered preoperatively in anemic patients . (I-A) 8 . Use of vasopressin, bupivacaine and epinephrine, misoprostol, peri-cervical tourniquet, or gelatin-thrombin matrix reduce blood loss at myomectomy and should be considered . (I-A) 9 . Uterine artery occlusion by embolization or surgical methods may be offered to selected women with symptomatic uterine fibroids who wish to preserve their uterus. Women choosing uterine artery occlusion for the treatment of fibroids should be counselled regarding possible risks, including the likelihood that fecundity and pregnancy may be impacted . (II-3A) A . There is good evidence to recommend the clinical preventive action II-1: Evidence from well-designed controlled trials without randomization B . There is fair evidence to recommend the clinical preventive action II-2: Evidence from well-designed cohort (prospective or retrospective) or case-control studies, preferably from more than one centre or research group C . The existing evidence is conflicting and does not allow to make a recommendation for or against use of the clinical preventive action; however, other factors may influence decision-making II-3: Evidence obtained from comparisons between times or places with or without the intervention . Dramatic results in uncontrolled experiments (such as the results of treatment with penicillin in the 1940s) could also be included in this category D . There is fair evidence to recommend against the clinical preventive action E . There is good evidence to recommend against the clinical preventive action III: Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of expert committees L. There is insufficient evidence (in quantity or quality) to make a recommendation; however, other factors may influence decision-making
INTRODUCTION Clinical Importance of Uterine Fibroids
T he terms fibroid, myoma, and leiomyoma are synonymous and are the commonest gynaecological tumours, with a prevalence of 70% to 80% in women who have reached the age of 50. 1 In 95 061 US nurses, aged 25 to 44 years, the incidence was 8.9/1000 for white women and 30.9/1000 for black women. 2 The prevalence increases with age, peaking in women in their 40s. A hysterectomy study has found leiomyomas in 77% of uterine specimens. 3 In many women, myomas may be asymptomatic and are diagnosed incidentally on clinical examination or imaging. However, myomas can cause significant morbidity including menstrual abnormalities (e.g. heavy, irregular, and prolonged uterine bleeding), iron defficiency anemia, bulk symptoms (e.g. pelvic pressure/pain, obstructive symptoms), and fertility issues. Symptomatic fibroids have a considerable impact on women's quality of life as well as their productivity: in one survey of more than 21 000 women from 8 different countries, including 2500 from Canada, these symptoms had a negative impact on sexual life (43%), performance at work (28%), and relationship, and family (27%). [4] [5] [6] Of 11 880 screened Canadian women, aged 20 to 49 years, 12.0% indicated they had been diagnosed with uterine fibroids, including 3.2% reporting current fibroids. Those with moderate to severe fibroid symptoms experienced a significantly heavier burden of illness, with lost productivity and reduced QoL. 7 Uterine fibroids are currently the most common indication for hysterectomy worldwide, and in Canada they account for 30% of all hysterectomies, the second most common surgery for women after Caesarean section. 8 Hysterectomy is associated with significant morbidity, mortality, and economic burden on the health care system, [9] [10] and 1 in 4 Canadian women over age 45 have had a hysterectomy. 8 The social and economic impact of uterine fibroids is therefore considerable.
Summary Statement

Uterine fibroids are common, appearing in 70%
of women by age 50; the 20% to 50% that are symptomatic have considerable social and economic impact in Canada. (II-3)
Pathophysiology of Myomas
Uterine fibroids are monoclonal tumours that arise from the uterine smooth muscle tissue (i.e. the myometrium). They are benign neoplasms composed of disordered "myofibroblasts" buried in abundant quantities of extracellular matrix that accounts for a substantial portion of tumour volume. The initiating events for fibroid genesis remain speculative.
The cells proliferate at a modest rate and their growth is dependant on the ovarian steroids estrogen and progesterone and therefore most fibroids shrink after menopause. The biologically potent estrogen estradiol induces the production of PR by means of ER-α. PR is essential for the response of fibroid tissue to progesterone secreted by the ovaries. myometrium), and or submucosal (projecting into the cavity of the uterus). A newer, more detailed classification system has been devised and advocated by FIGO ( Figure 1 ). 12 Recognized risk factors for development of uterine fibroids include nulliparity, early menarche, increased frequency of menses, history of dysmenorrhea, family history of uterine fibroids, African descent, obesity, and age (peak incidence at 40 to 50). Clinical conditions that seem to increase risk of fibroids include hypertension and diabetes. 13
Clinical Presentation
The presence of uterine fibroids can lead to various clinical challenges. The need for and choice of intervention must be individualized to the clinical situation.
The most common symptom of uterine leiomyoma is AUB. In a published series of myomectomies, 30% of women suffered from heavy menstrual bleeding. [14] [15] The mechanism of leiomyoma-associated AUB is unknown. Increased endometrial surface area, vascular dysregulation, and interference with endometrial hemostasis have been offered as possible explanations. 16 Clinicians with patients presenting with AUB should refer to the SOGC clinical practice guideline on the management of AUB. 17
Pelvic pain is rare with fibroids and usually signifies degeneration, torsion, or possibly associated adenomyosis and/or endometriosis. Pelvic pressure, bowel dysfunction, and bladder symptoms such as urinary frequency and urgency may be present with larger fibroids. Urinary symptoms should be investigated prior to surgical management of fibroids to exclude other possible causes. 15 In the postmenopausal woman presenting with new onset of pain and/or bleeding in new or existing fibroids, leiomyosarcoma should be considered. 18
Fibroids and Fertility
A new SOGC guideline on the management of uterine fibroids in women with otherwise unexplained infertility will be published in the spring of 2015. 19
Fibroids in Pregnancy
Estimates of the prevalence of fibroids in pregnancy vary depending on the quality of the ultrasound study and the race and age of the women being studied. A recent ultrasound study found the prevalence to be 18% in African-American women, 8% in white women, and 10% in Hispanic women. 20 Most ultrasound studies found that fibroids remain the same size or become smaller during pregnancy. [21] [22] [23] In a 2011 report, 171 pregnant women with fibroids were followed by serial ultrasound. Postpartum, 36% of women had no identifiable fibroid and 79% of remaining fibroids had decreased in size. 24 One study reported an increase in myoma size during pregnancy. 25 Several large retrospective studies of ultrasounds and medical records of pregnant women have reported on the impact of fibroids on pregnancy outcomes. 26 
O -Other
Two numbers are listed separated by a hyphen. By convention, the first refers to the relationship with the endometrium while the second refers to the relationship to the serosa. One example is below Figure 1 . The FIGO leiomyoma subclassification system 12 (OR 1.5; 95% CI 1.3 to 1.7). 31 In 2010, a study including 72 000 pregnancies reported significant differences in odds ratios for placenta previa, abruption, premature rupture of membranes, preterm birth < 34 weeks, and intrauterine fetal death, but the differences were all < 2%, which would not be considered clinically relevant. 32 It would seem that women with fibroids, especially large ones, merit close obstetrical follow-up but are likely to have a good outcome.
Traditional teaching has been that myomectomy, other than for symptomatic pedunculated fibroids, should not be performed in pregnant women because of the increased risk of uncontrolled bleeding. However, a number of case series report good outcomes after myomectomy performed during pregnancy or at the time of Caesarian section, therefore it can be considered as an option if clinically necessary. [33] [34] [35] [36] 
Concerns about Malignancy
Leiomyosarcomas
In clinical practice, the mere finding of pelvic tumours in symptomatic or asymptomatic women may raise the concern of malignancy in both patients and health care providers. In a review of 6815 patients who underwent myomectomy between 1950 and 1993, only 18 patients (0.26%) had leiomyosarcomas. In the subpopulation of women whose masses had grown rapidly, the prevalence was the same at 0.27%. 37 Based on this evidence, rapid growth of a fibroid does not seem to be a predictor of leiomyosarcoma. However postmenopausal growth or onset of symptoms should carry a higher index of suspicion for malignancy.
Other case series have estimated the incidence of leiomyosarcoma at 0.22% to 0.49%, although in women in their 6th decade it may rise to 1% of hysterectomy specimens. 37, 38 Most recent reviews are consistent with older studies and estimate that in women undergoing surgery for fibroids approximately 1 in 400 (0.25%) is at risk of having a leiomyosarcoma. 39 Although incidental uterine leiomyosarcomas have been encountered during routine resectoscopic myomectomy, 40 their incidence appears to be lower than that reported following hysterectomy (0.13%). 41 Whether leiomyosarcomas develop from leiomyomas or arise independently is not known. The challenge lies in the fact that leiomyomas and leiomyosarcomas cannot reliably be distinguished clinically or by any imaging technique.
Smooth muscle tumours of uncertain malignant potential
Morphologically, there exists a spectrum of uterine smooth muscle tumours with conventionally well-defined histologic criteria and predictable clinical outcomes at the 2 extremes, leiomyomas and leiomyosarcomas. The spectrum includes several variants with unusual features showing various combinations and permutations of 3 histologic criteria including nuclear atypia, mitotic index, and zonal necrosis that may indicate malignancy.
Frequently, these variants pose diagnostic challenges because they exhibit some features of malignancy but do not meet full criteria and therefore cannot be clearly interpreted and classified as either benign or malignant. Furthermore, the behavioural and clinical outcomes associated with some of these variants have not yet been elucidated. This uncertainty frequently leads to therapeutic dilemmas, especially when the diagnosis is made in myomectomy specimens from women who wish to maintain or enhance their fertility.
In 2003, the World Health Organization labelled these tumours "smooth muscle tumours of uncertain malignant potential" (STUMP). 42, 43 Other malignancies Other uterine malignancies such as cervical cancer and endometrial cancer may be present and contribute to AUB; these should be ruled out by appropriate evaluation and screening.
Summary Statements
The presence of uterine fibroids can lead to a variety of clinical challenges. (III) 3. Concern about possible complications related
to fibroids in pregnancy is not an indication for myomectomy except in women who have had a previous pregnancy with complications related to these fibroids. (III) 4. Women who have fibroids detected in pregnancy may require additional maternal and fetal surveillance. (II-2) Recommendation 1. Women with asymptomatic fibroids should be reassured that there is no evidence to substantiate major concern about malignancy and that hysterectomy is not indicated. (III-D)
Evaluation
On physical examination, an enlarged, mobile uterus (correlating to a weight of approximately 300 g or 12 weeks of pregnancy) with irregular contour is consistent with fibroids.
Ultrasonography (transabdominal, transvaginal, contrast sonohysterorography) is the most widely used modality because of its availability, ease of use, and cost-effectiveness. It is particularly helpful to assess myoma growth and the adnexae if these cannot be palpated separately with confidence. 44 Contrast infusion saline or gel sonography and 2D and 3D sonohysterography are very accurate diagnostic procedures to detect submucosal lesions, all with sensitivity and specificity of 98% to 100%. 45, 46 In women with large fibroids, diagnostic imaging occasionally demonstrates hydronephrosis, the clinical significance of which is unknown. Complete ureteric obstruction is extremely rare. 47 CT is of limited value in delineating the location of myomas relative to the endometrium or myometrium. 48 MRI is the most accurate modality in assessing the adnexae 49 and the uterus because it provides information on the size, location, number, and perfusion of leiomyomas as well as the presence of other uterine pathology including adenomyosis and/or adenomyoma. [50] [51] [52] 
Treatment
The majority of uterine leiomyomas are asymptomatic and will not require therapy. However, 20% to 50% are clinically symptomatic, causing AUB, iron deficiency anemia, bulk effects, and/or reproductive issues, 53 and may require treatment. Treatment of women with uterine leiomyomas must be individualized, based on symptomatology, the size and location of fibroids, age, the needs and desires of the patient for preservation of fertility or the uterus, the availability of therapy, and the experience of the therapist.
Symptomatic uterine fibroids may be treated medically, surgically, or with a combination of both ( Figure 2 ).
Expectant Management
Prospective imaging studies indicate that 3% to 7% of untreated fibroids in premenopausal women regress over 6 months to 3 years. 54, 55 Most women experience shrinkage of fibroids and relief of symptoms at menopause; therefore, depending on the severity of their symptoms, women who are approaching menopause may choose to wait for the onset of menopause before deciding on treatment. Postmenopausal hormone replacement therapy is not contraindicated in the presence of fibroids and does not lead to the development of new fibroids, although it may be associated with some myoma growth, which may in turn lead to clinical symptoms. 56, 57 
MEDICAL MANAGEMENT
Until recently, medical management options for uterine leiomyomas have been of limited value because of their moderate efficacy and/or associated adverse effects. Novel therapies at the receptor and gene levels have emerged or are undergoing investigation and may eventually offer better long-term management options. 58 Because estrogen upregulation of both ERs and PRs during the follicular phase is followed by progesteroneinduced mitogenesis during the luteal phase, all hormonal therapies to control uterine bleeding aim to regulate the effect of these 2 gonadal steroids.
Oral Contraceptives
There is no evidence that low-dose oral contraceptives cause benign fibroids to grow, thus uterine fibroids are not a contraindication to their use. Oral contraceptives are effective in reducing menstrual bleeding in the short-term and may prevent the development of uterine fibroids. 59
Progestins/Levonorgestrel Intrauterine System
Progestogens are natural or synthetic progestational hormones which may potentially have dual actions on fibroid growth. While the natural hormone progesterone augments epidermal growth factor, which stimulates fibroid growth, it also inhibits insulin-like growth factor-1, which may inhibit growth. 60 Progestogens also down-regulate both estrogen and progesterone receptors in fibroids, which may act as another mechanism in modulating fibroid biology and growth. 61 Both natural progesterone and synthetic progestins cause endometrial atrophy, which has the potential to decrease menstrual blood loss in women with fibroids.
One study concluded that the LNG-IUS significantly reduces menstrual blood loss and uterine volume in women with menorrhagia, with and without fibroids, while it does not significantly reduce fibroid volume. 62 Another RCT found that although the rate of treatment failure was similar in both groups, the LNG-IUS was more effective in reducing menstrual blood loss than combined oral contraceptives in women with fibroid-related menorrhagia. 59 A systematic review reported on both oral progestogens and the LNG-IUS for the treatment of leiomyomas. The authors found that the oral progestogen lynestrenol was not as effective as leuprolin in reducing uterine fibroid size at 16 weeks, 63 and they concluded that evidence was lacking to support the use of progestogens for treating premenopausal women with uterine fibroids. 64
Gonadotropin-Releasing Hormone Agonists
GnRH agonists are available in nasal spray, subcutaneous injections, and slow-release injections. In general, fibroids may be expected to shrink by up to 50% of their initial volume within 3 months of therapy. However, GnRH agonist treatment is restricted to a 3-to 6-month interval, following which regrowth of fibroids usually occurs within 12 weeks. Prolonged use of GnRH agonists with estrogen add-back therapy requires investigation. However, there is evidence that progestin add-back negatively impacts the effectiveness of GnRH agonists on fibroid size. 65, 66 GnRH agonists are useful preoperatively to shrink fibroids and to reduce anemia related to uterine bleeding. 47, 67 Gonadotropin-Releasing Hormone Antagonists While GnRH agonists work by down-regulation and desensitization of the GnRH receptors, GnRH antagonists work via the classical competitive blockage mechanism. The main advantage of using GnRH antagonists is their lack of the initial "flare" effect seen with GnRH agonist stimulation and supraphysiological amounts of follicle stimulating hormone, luteinizing hormone, and estradiol, and hence have a much shorter onset of action and treatment period. 68, 69 The use of GnRH antagonists as a treatment for fibroids requires further evaluation.
Androgens (Danazol)
Danazol is chemically related to 17-α ethinyl testosterone. It competes with natural androgens, progesterone, and glucocorticoids in receptor binding and acts at different levels of the hypothalamic-pituitary-ovarian-uterine axis. Aside from its androgenic effects, it also lowers estrogen levels by suppressing gonadotropin secretion at the levels of the hypothalamus and inhibits ovarian steroidogenesis. 70 Danazol has been associated with a reduction in volume of fibroids in the order of 20% to 25%. 71 Although the use of danazol for the shrinkage of uterine fibroids has been described in cohort studies, a systematic review did not find any randomized trials comparing its efficacy with placebo or other treatments. 72 Although the long-term response to danazol is modest, it may offer an advantage in reducing myoma associated heavy menstrual bleeding. 71
Aromatase Inhibitors (Letrozole)
Myometrial cultured cells overexpress aromatase P450 and synthesize sufficient estradiol to accelerate their own cell growth. Aromatase inhibitors may serve to block the aromatase activity and growth of leiomyomata. 73 f Uterine myomas Letrozole, an aromatase inhibitor, inhibits the conversion of androgen into estrogen. In a systematic review, only one trial involving 70 participants was included. Significantly fewer women reported hot flushes in the letrozole group than in the GnRH agonist group (0/33 vs. 26/27, P < 0.05). Use of letrozole reduced fibroid volume by 46% and use of a GnRH agonist by 32% after 12 weeks of treatment, although these results were not statistically significant. The authors concluded that the evidence is currently insufficient to support the use of aromatase inhibitor drugs in the treatment of women with uterine fibroids. 74
Estrogen Receptor Antagonists (Fulvestrant)
The estrogen receptor antagonist fulvestrant promotes degradation and down-regulation of estrogen receptors. 75 However, fulvestrant was not as effective as the GnRH agonist goserelin in reducing fibroid and uterine volume and in inducing amenorrhea. 76
Selective Estrogen Receptor Modulators
SERMs are nonsteroidal drugs that bind to estrogen receptors and may act as agonists or antagonists to produce tissue-specific effects. They are generally used for treating and preventing recurrence of estrogen receptor positive breast cancers. Tamoxifen has agonist properties on the uterus, but raloxifene is the most studied SERM for treatment of leiomyomata. 77, 78 Given the conflicted and limited data regarding the use of raloxifene alone, it is difficult to ascertain its true effect on uterine fibroids, though it may be a useful adjunct to a GnRH agonist in inducing fibroid shrinkage.
Selective Progesterone Receptor Modulators
Compared with the myometrium, fibroids overexpress estrogen and progesterone receptors, 79 and there is "crosstalk" between ER and PR. 80 It has been shown that fibroids grow primarily during the secretory phase of the menstrual cycle, 81, 82 and exogenous progesterone increases mitotic activity and cellularity in fibroids. 83 In a randomized trial of a GnRH analogue plus addback therapy with progestin alone versus progestin plus estrogen, the authors reported that, in most instances, the add-back progestin alone (but not the progestin plus estrogen) negated the effects of the GnRH analogue on fibroid volume reduction. 84 Progesterone is therefore essential for fibroid growth, and these observations have stimulated research for the development of progesterone antagonist and/or SPRM drugs. SPRMs are progesterone receptor ligands that have agonist, antagonist, partial, or mixed effects on progesterone target tissues. 85 While mifepristone is thought to have almost pure antagonistic properties, other SPRMs such as ulipristal acetate exhibit mixed agonist and antagonist properties. Though the exact mechanisms of this new class of medications are still being studied, several studies have evaluated their effectiveness in the shrinkage of fibroids and control of menstrual bleeding symptoms. While several other SPRMs are currently under investigation, here we present the evidence for SPRMs that have been studied in randomized controlled trials.
Mifepristone
Mifepristone (RU-486) is a progesterone receptor modulator that has almost pure antagonistic properties and may directly decrease the PR in the myometrium and leiomyoma. Though the exact mechanism for myoma size reduction is unclear, a 2013 meta-analysis of 11 RCTs involving 780 premenopausal women with symptomatic leiomyomas concluded that mifepristone significantly reduced uterine and leiomyoma volume and alleviated leioma-related symptoms. The authors recommended 2.5 mg daily for 3 to 6 months as the optimum treatment. There is insufficient evidence that mifepristone treatment led to atypical endometrial hyperplasia. 86
Ulipristal acetate
UPA is an SPRM that also exhibits antiproliferative effects on leiomyoma cells and the endometrium. 87 One RCT that investigated the effects of UPA versus placebo before surgical treatment of symptomatic fibroids showed a reduction in myoma volume with 13 weeks of 5 mg and 10 mg of UPA of 21.2% and 12.3%, respectively, while the placebo group had a median 3% growth of myoma volume (P < 0.01). 88 Patients also experienced significant decreased uterine bleeding symptoms with treatment.
In a parallel RCT, UPA appeared to be no less effective than leuprolide acetate in controlling heavy menstrual bleeding: 90% of the 5 mg group and 98% of the 10 mg group experienced controlled bleeding symptoms versus 89% of the leuprolide acetate group. Median time to amenorrhea was 7 days, 5 days, and 21 days for the 5 mg, 10 mg, and leuprolide acetate groups, respectively (P < 0.001 for 10 mg vs. leuprolide acetate). However, in terms of uterine volumes, the 47% reduction in the leuprolide acetate group was significantly greater than the reductions of 20% in the 5 mg group and 22% in the 10 mg group. No differences were seen in hemoglobin at the end of the treatment period. Vasomotor symptoms were experienced in 11% of the 5 mg and 10% of the 10 mg groups versus 40% of the leuprolide acetate group (P < 0.001). 89 Novel PRM-associated endometrial changes have been noticed with the SPRM class of drugs and appear to be benign and fully reversible. 89 These changes may be confused with endometrial hyperplasia by a pathologist who is not informed that the patient received UPA treatment or who has not been updated on the potential effect of UPA on the endometrium. It is important that the pathologist be aware of the use and effects of UPA.
A recent study investigated the efficacy and safety of UPA for long-term treatment of symptomatic uterine fibroids by repeated intermittent 3-month open-label UPA courses (10 mg daily), each followed by randomized doubleblind 10-day courses of NETA 10 mg daily or placebo.
The study concluded that NETA did not affect fibroid volume or endometrial histology, and repeated 3-month UPA courses effectively and safely controlled bleeding and shrunk fibroids in patients with symptomatic fibroids. 90 Fibroid volume reduction in patients receiving UPA also appears to be maintained in the majority of patients for 6 months after the end of treatment. 88 In women who have completed childbearing, hysterectomy is indicated as a permanent solution for symptomatic leiomyomas. The only indications for hysterectomy in a woman with completely asymptomatic fibroids are enlarging fibroids after menopause without HRT, which raises concerns of leiomyosarcoma, even though it remains very rare. 91, 92 Women with asymptomatic fibroids should be reassured that there is no evidence to substantiate concern about malignancy, and that hysterectomy is not indicated.
Summary Statements
Hysterectomy need not be recommended as a prophylaxis against increased operative morbidity associated with future growth. 93
Type of hysterectomy
The choice and type of hysterectomy, whether it is performed by abdominal, laparoscopic, or vaginal route, should be based on surgeon's training, experience, and comfort and on clinical practice guidelines. 93 The least invasive approach feasible should be used.
The advantages of abdominal supracervical or total hysterectomy are questionable, as randomized trials have demonstrated no differences in sexual and urinary function outcomes in women treated with the 2 procedures. However, there may be less blood loss and complications associated with supracervical hysterectomy. [94] [95] [96] 
Summary Statement
7. Hysterectomy is the most effective treatment for symptomatic uterine fibroids. (III)
Myomectomy
Myomectomy is an alternative to hysterectomy for women who wish to retain their uterus, regardless of their fertility desire. Removal of fibroids should be considered if they are thought to be associated with heavy mentrual bleeding, pelvic pain and/or pressure symptoms, and in some cases reproductive issues. 19 Although myomectomy allows preservation of the uterus, there is a higher risk of blood loss and greater operative time with myomectomy than with hysterectomy, athough the risk of ureteric injury may be decreased with myomectomy. Fibroids have a 15% recurrence rate and 10% of women undergoing a myomectomy will eventually require hysterectomy within 5 to 10 years. 97 Risk of recurrence is associated with age, preoperative number of fibroids, uterine size, associated disease, and childbirth after myomectomy. 98 Five years following laparoscopic myomectomy, the cumulative probability of recurrence (new or unremoved fibroids) in women who subsequently gave birth was 42%.
In those who did not give birth, it was 55%. 99 Women should be counselled about the risks of requiring a hysterectomy at the time of a planned myomectomy. This would depend on the intraoperative findings and the course of the surgery. Hysterectomy remains the treatment of choice for the vast majority of women who require a surgical solution. 93
Surgical planning
Myomectomy can be performed according to the number, size, and location of fibroids by laparotomy, minilaparotomy, laparoscopy, hysteroscopy, or a combination of these. 100 Surgical planning should be based on an accurate mapping of the location, size, and number of fibroids with preoperative imaging. It is particularly important to identify the presence and size of the submucosal component to myomas as this may affect the approach taken.
Summary Statement
8. Myomectomy is an option for women who wish to preserve their uterus or enhance fertility, but carries the risk of requiring further intervention. (II-2)
Hysteroscopic myomectomy
An AAGL practice guideline for the diagnosis and management of submucous leiomyomas was published in 2012. 101 Hysteroscopic myomectomy has been shown to be effective for treatment of AUB in 5 series involving 1422 women. Failure rates ranged from 14.5% to 30% at 3 to 4 years' follow-up. 102 It should be considered as first-line conservative surgical therapy for the management of symptomatic intracavitary fibroids. In general, submucous myomas (types 0, I, and II) up to 4 to 5 cm in diameter can be removed hysteroscopically by experienced surgeons. Type II myomas are more likely to require a 2-staged procedure than types 0 and I because of the risk of excessive fluid absorption and uterine perforation, and caution should be used particularly with those with less than 5 mm thickness between the fibroid and the uterine serosa. 103, 104 
Myomectomy plus endometrial ablation
When the main symptom is heavy menstrual bleeding, consideration should be given to concomittant EA at the time of transcervical resection of myoma when preservation of fertility is not desired. A cohort study showed a higher success rate in controlling bleeding when ablation was added to myomectomy. 105 In selecting patients for transcervical resection of myoma, it is important to consider other factors that increase the risk of needing subsequent surgery. Women in whom myomectomy results in a normal uterus without residual myomas are at a low risk of requiring further treatment. Predictors of an increased risk for additional treatment include the presence of multiple myomas, large intramural or subserous myomas, adenomyosis, and young age at the time of treatment. [106] [107] [108] Perforation of the uterus can occur with uterine sounding, dilation, or use of the resectoscope. The preoperative use of laminaria or misoprostol decreases the force needed for cervical dilation and reduces the risk of perforation. If perforation occurs with mechanical instruments and no visceral injury is suspected the patient can be observed expectantly. Laparoscopy should be considered if there is a large defect or heavy bleeding. If perforation occurs with an activated electrode, until proven otherwise a visceral or vascular injury should be assumed, and laparoscopy or laparotomy is recommended. 109, 110 Excessive fluid absorption is another potential risk. An AAGL practice guideline for the management of hysteroscopic distending media was published in 2013. 111 The use of the lowest distention pressure necessary for good visualization and the careful selection of the safest distending medium will lower the risks and sequelae of excessive fluid absorption. 110 Burns to the vulva, vagina, and cervix from stray electrical current during resectoscopic procedures have been documented. [112] [113] [114] 
Laparoscopic myomectomy
The benefits of the laparoscopic approach are well known and have been found superior to laparotomic myomectomy in terms of less blood loss, diminished postoperative pain, fewer overall complications, faster recovery, and significant cosmetic advantage. [115] [116] [117] [118] However, laparoscopic myomectomy usually takes longer to accomplish and requires extra training, surgical expertise, and specialized equipment. The size or the number of fibroids that can be removed by laparoscopy seem to be limited only by the surgeon's experience and technique. 119 Multilayer suturing may be challenging, as may the identification and excision of smaller fibroids. Laparoscopic removal of larger fibroids in more difficult locations such as in the lower segment or at the cervical junction may present more risk of complications such as profuse bleeding; in those cases an open approach may be preferable. Consideration should also be given to the prolonged operative time required with the laparoscopic approach when faced with cases of very large (> 10 cm) or multiple leiomyomas; in these cases a myomectomy by laparotomy may be more appropriate.
Injuries can occur with laparoscopic entry, and their occurrence should be minimized by following good surgical principles and the recommendations in the SOGC clinical practice guideline on laparoscopic entry. 120 A prospective study reported that the short-term morbidity of laparoscopic myomectomy was similar to that of laparoscopic hysterectomy. 121 Uterine scar integrity and rupture following laparoscopic myomectomy have not been fully evaluated. Uterine rupture during subsequent pregnancy seems to be a rare event and its possibility should not systematically preclude a trial of vaginal delivery. [122] [123] [124] However, because of the relatively poor quality of available evidence, close follow-up should be exercised in all cases. Uterine rupture during pregnancy after myomectomy has been reported to possibly be linked to the absence of multilayer closure in cases of deep intramural leiomyoma or to the excessive use of electrosurgical energy. 125, 126 Some indirect evidence based on MRI assessment of myometrial repair after Caesarian section suggests that a waiting period of 6 months between myomectomy and subsequent pregnancy would allow for optimal tissue repair of the myometrium. 127 A meta-analysis of 6 randomized controlled trials from 1996 to 2007 concluded that rates of major complications, pregnancy rates and outcomes, and myoma recurrence in laparoscopic and laparotomic myomectomy were comparable. 115 Two RCTs on laparoscopic versus laparotomic myomectomy reported pregnancy rates of 54% and 57%, respectively. 128, 129 
Mini-laparotomy
Mini-laparotomy, used as an alternative to laparoscopy, has the proposed advantage of easier suturing of the myometrium while providing a less invasive approach than conventional laparotomy. A randomized study of laparoscopic versus mini-laparotomic myomectomy reported lower decline in hemoglobin, reduced postoperative ileus and pain, and shorter hospitalization in the laparoscopy group. 117 Mini-laparotomy can also be used in laparoscopically assisted mini-laparotomy. In one study, 51 women were randomized to open myomectomy, mini-laparotomy, or laparoscopically-assisted mini-laparotomy. The latter 2 approaches were associated with decreased postoperative pain and less blood loss than myomectomy by laparotomy. 100 In another prospective study of 116 patients, a shorter uterine incision was found in the laparoscopically assisted myomectomy, but the estimated blood loss was greater. Complications and postoperative return to normal activities were comparable between the groups. 130
Robotic assisted laparoscopy
Robotic assisted gynaecological surgery has increased exponentially in popularity in the last decade. Up to 9.5% of hysterectomies were done with the assistance of the robot in a retrospective U.S. cohort of 264 758 cases. 131 However, robotic assisted myomectomy was associated in one study with greater blood loss than standard laparoscopic myomectomy. 132 This, along with other well-designed studies that consistently show a longer operative time, 133 prompted the AAGL to state that at this time robotic surgery offers no significant advantage in benign gynaecological surgery and is more costly than conventional laparoscopic surgery. 134
Specimen morcellation
Because laparoscopic hysterectomy and myomectomy often requires morcellation of the specimen, complications related to this step may occur, including vascular or visceral trauma with the use of a mechanical rotating blade. 135 Furthermore, morcellation can lead to dissemination of leiomyoma chips leading to parasitic leiomyomas (leiomyomatosis) or dissemination of incidental leiomyosarcoma. [136] [137] [138] [139] [140] [141] [142] [143] [144] The currently available evidence indicates that one in 400 women undergoing surgery for fibroids is at risk of having a leimomyosarcoma. 39 According to the American Cancer Society's surveillance, epidemiology, and end results data, 5-year survival for leiomyosarcoma is 60% for stage I, 35% for stage II, 22% for stage III, and 15% for stage IV. 145 An increased rate of recurrence and lower rate of survival following morcellation of a uterine sarcoma has been reported in several studies, implying that morcellation results in the upstaging of the disease. In cases of myomectomy, the initial steps of the procedure, including uterine incision and myoma manipulation and enucleation, are likely to spread and upstage the disease prior to myoma extraction by any method of morcellation.
These findings reinforce the need for careful preoperative assessment of patients and consideration of using enclosed morcellation techniques if feasible. For laparoscopic morcellation, spillage may be minimized by placing the specimen in a bag and using the mechanical morcellator inside the bag. However use of a bag may limit visualization and has not been well studied. For larger specimens, a minilaparotomy with or without use of self-retaining retractor can be performed and the specimen be morcellated mechanically or with a scalpel blade within a bag. If the specimen is delivered vaginally and requires morcellation, again a bag can be used to enclose it to mimimize spillage.
In light of concerns over morcellation of unsuspected leiomyosarcomas, the FDA issued a warning about laparoscopic power morcellation in April 2014. This prompted Health Canada (May 2014) to make the following recommendations to health-care professionals treating women with uterine fibroids 146 :
• Recognize the prevalence of unsuspected uterine sarcoma in patients under consideration for hysterectomy or myomectomy for the treatment of uterine fibroids.
• Consider the treatment alternatives for women with symptomatic uterine fibroids and review these options with each prospective surgical patient. Apart from a laparoscopic approach, alternative surgical procedures exist that do not require electric morcellation and potential tissue spread to the peritoneal cavity. Also, some surgeons and centres may recommend closed morcellation in a bag as a way to reduce the risk of inadvertent spread of uterine tissue.
• Be aware and inform patients that laparoscopic electric morcellation of unsuspected uterine sarcoma during hysterectomy or myomectomy may disseminate the disease and negatively impact prognosis.
Numerous societies have responded to the FDA warning with very thorough reviews and discussion of the issue ( Table 2) . [147] [148] [149] [150] Recommendations 3. In women who do not wish to preserve fertility and/ or their uterus and who have been counselled regarding the alternatives and risks, hysterectomy by the least invasive approach possible may be offered as the definitive treatment for symptomatic uterine fibroids and is associated with a high level of satisfaction. (II-2A) 4. Hysteroscopic myomectomy should be considered firstline conservative surgical therapy for the management of symptomatic intracavitary fibroids. (II-3A) 5. Surgical planning for myomectomy should be based on mapping the location, size, and number of fibroids with the help of appropriate imaging. (III-A) 6. When morcellation is necessary to remove the specimen, the patient should be informed about possible risks and complications, including the fact that in rare cases fibroid(s) may contain unexpected malignancy and that laparoscopic power morcellation may spread the cancer, potentially worsening their prognosis. (III-B) The use of power morcellator is generally contraindicated in the presence of documented or highly suspected malignancy, and it may be inadvisable in premalignant conditions or risk-reducing surgery .
No reliable method is currently available to differentiate benign from malignant leiomyomas (leiomyosarcomas or endometrial stromal sarcomas) before they are removed . Furthermore, these diseases offer an extremely poor prognosis even when specimens are removed intact .
Patients and doctors should communicate about the risks, benefits, and alternatives of all procedures so that a patient is able to make an informed and voluntary decision about accepting or declining medical care .
American Association of Gynecologic Laparoscopists (April 2014) 148
Most women with uterine cancer can be diagnosed prior to surgical intervention .
Between 1 in 400 and 1 in 1000 women who undergo hysterectomy for presumed benign uterine myomas will be diagnosed with uterine leiomyosarcoma .
The prognosis of patients with uterine leiomyosarcoma is universally poor and may be worsened in the setting of power morcellation .
American College of Obstetricians and Gynecologists (May 2014) 149
Recommend comprehensive patient counselling and including the following points in consent:
There is a risk of inadvertent uterine leiomyosarcoma diagnosis when a myomectomy/hysterectomy is being performed for a benign leiomyoma (2:1000)
Morcellation will increase peritoneal dissemination if uterine leiomyosarcoma is diagnosed and may worsen patients' prognosis .
Minimally invasive surgical approach does decrease perioperative risks to the patient . 150 1 in 350 women undergoing hysterectomy or myomectomy for the treatment of fibroids is found to have an unsuspected uterine cancer .
U.S. Food and Drug Administration (April 2014)
Laparoscopic power morcellation poses a risk of spreading unsuspected cancerous tissue, notably uterine sarcomas, beyond the uterus .
The FDA discourages the use of laparoscopic power morcellation during hysterectomy or myomectomy for uterine fibroids
Pre-operative Evaluation and Adjuncts
Prior to proceeding with surgery for fibroids, appropriate evaluation and patient preparation, including correction of anemia and shrinkage of fibroid and uterine volume, are of paramount importance since preoperative anemia and uterine size can have a significant bearing on surgical outcomes. A recent large study reported that preoperative anemia, even to a mild degree, is independently associated with an increased risk of 30-day morbidity and mortality in patients undergoing major non-cardiac surgery. 151 For preoperative treatment, a variety of pharmacological agents have been shown to be safe and effective. Iron should be provided in the presence of anemia together with preoperatve adjuncts to correct the anemia.
GnRH agonists
A Cochrane review showed significant improvement with GnRH agonist over placebo or no treatment in preoperative hemoglobin and hematocrit and in reduction of uterine and myoma volumes. 152 Compared with no treatment prior to hysterectomy, GnRH agonists reduce intraoperative bleeding and operative time, increase postoperative hemoglobin and haematocrit values, and decrease postoperative complications and length of hospital stay. They also increase the proportion of hysterectomies performed vaginally rather than abdominally and decrease the proportion of vertical incisions compared with no treatment. 152 In a 2001 systematic review and meta-analysis, when GnRH agonists were used prior to myomectomy, intraoperative bleeding and rates of vertical incisions were also reduced, while postoperative hemoglobin was slightly increased. However, patients treated with GnRH agonists were more likely to have recurrence of fibroids at 6 months after myomectomy compared to no treatment. No differences were seen in rates of postoperative complications. No differences were seen in rates of blood transfusion for either type of surgery. 153 A 2011 systematic review of GnRH-a showed no reduction in operative time but did show decreased introperative blood loss. 154 However there is controversy over the ability to dissect myomas from myometrium after exposure to GnRH agonist. 155 A double-blind, placebo-controlled trial of GnRH agonist prior to hysteroscopic myomectomy found no differences in the number of complete fibroid resections, operative times, or amounts of fluid absorbed. 156
Ulipristal acetate
The 2 RCTs mentioned previously have shown the effectiveness of 3 months' treatment to correct anemia and reduce uterine fibroid size. 89, 90 There were no surgical parameters reported in these studies and surgical experience is variable.
Intraoperative Adjuncts
A number of intraoperative adjuncts have been used in an effort to reduce blood loss and improve surgical outcomes in leiomyoma surgery.
Misoprostol
Misoprostol is a prostaglandin E1 analogue which reduces uterine blood flow, increases myometrial contractions, and has potential to reduce blood loss during uterine surgery. 156 The evidence for misoprostol as an adjunct for hysterectomy is limited and conflicting.
In one randomized trial, no benefit was observed in the use of misoprostol alone for abdominal hysterectomy, but misoprostol 400 μg by rectum combined with intravenous oxytocin (10 U/hour) in women undergoing laparoscopically assisted vaginal hysterectomy was found to significantly improve operative outcomes compared with placebo. 156 Placebo-controlled randomized studies have shown that a single dose of misoprostol 400 μg given vaginally 1 hour prior 157 or rectally 30 minutes prior 158 to abdominal myomectomy resulted in a statistically significant reduction in operative time, 157 operative blood loss, postoperative hemoglobin drop, and need for postoperative blood transfusion. 157, 158 No differences were observed in length of hospital stay. 157 The role of misoprostol for cervical priming before operative hysteroscopy has also been reported, though not all patients in this study had fibroids as the indication for surgery. The authors found that the misoprostol group had significantly smaller initial dilation estimated by Hegar dilator, less need for surgical dilation, shorter time for cervical dilation to Hegar 9, shorter operative time, and fewer occurrences of cervical lacerations than the placebo group. Though not statistically significant, there were also fewer instances of false passages (1.4% vs 6.3%) and perforations (0% vs. 2.5%) observed. 159
Oxytocin
While recent evidence suggests the presence of oxytocin receptors in uterine myomas, 160 the evidence for its use as an intraoperative adjunct is somewhat conflicting.
One study of women undergoing laparoscopically assisted vaginal hysterectomy indicated reduced blood loss and transfusion rates with intraoperative 20 U of oxytocin in 1000 mL of saline solution running at 40 mu/min compared to saline placebo. No differences were seen in postoperative complications and length of stay. 161 For myomectomy, a systematic review of 2 randomized trials that compared intraoperative oxytocin against placebo for operative outcomes at myomectomy did not suggest a benefit for operative bleeding, although the pooled numbers may be difficult to interpret due to the significant heterogeneity between the 2 trials. 162
Vasopressin
Vasopressin is a naturally occurring hormone that can cause vascular spasm and uterine muscle contraction, and hence has the potential to prevent bleeding during uterine surgery. As there have been several reports of cardiovascular collapse following intra-myometrial injection of vasopressin, caution should be taken to ensure proper dilution and clean communication with the anaesthesiologist. 163 One randomized trial of women undergoing abdominal hysterectomy for uterine fibroids found that injection of 5 mL of 10 U in 10 mL of normal saline 1 cm medial to the uterine vessels bilaterally decreased total blood loss by approximately 40%. No differences were seen in postoperative hemoglobin, need for transfusion, or operative time. 164 In a systematic review of interventions to reduce hemorrhage during myomectomy, 162 2 trials comparing vasopressin to placebo showed a pooled mean difference of 298.7 mL in blood loss. 165, 166 No statistical differences were seen in need for blood transfusion, duration of surgery, duration of hospital stay, postoperative adhesions, or pregnancy rates at 1 year after myomectomy.
Two trials compared vasopressin to tourniquets in myomectomy. In one trial, dilute vasopressin (20 units in 20 mL saline injected prior to uterine incision) had effects comparable to mechanical vascular occlusion (Penrose drain tourniquet and vascular clamps at the infundibulopelvic ligament) with respect to blood loss, postoperative morbidity, and transfusion requirements. 166 In contrast, another study reported less blood loss in the vasopressin (20 U in 20 mL) group than in the tourniquet group (512.7 ± 400 mL) (P = 0.036). However, no statistically significant differences were seen in the hemoglobin drop, number of transfusions, intraoperative blood pressure, or highest postoperative pulse and temperature. 166 A recent study compared intraoperative bleeding during laparoscopic myomectomy using dilute vasopressin (6 U in 20 mL) with Roeder knot loop ligation at the base of the fibroid with use of vasopressin alone and with placebo. Blood loss in the placebo (mean ± SD, 363.7 ± 147.8 mL) and vasopressin only (224.4 ± 131.2 mL) groups was significantly reduced by the addition of loop ligation at the base of the myoma (58.7 ± 27.5 mL). 167
Bupivacaine and epinephrine
In one study on laparoscopic myomectomy, the use of bupivacaine (50 mL of 0.25%) and epinephrine (0.5 mL of 1 mg/mL) was significantly more effective than placebo in reducing intraoperative bleeding, total operative time, myoma enucleation time, and subjective surgical difficulty as measured on a 1 to 10 visual analogue scale. Analgesic requirement was also reduced in the bupivacaine group (P < 0.05 for all comparisons). No differences in blood pressure or heart rate were observed. 168
Antifibrinolytics
Tranexamic acid is a synthetic derivative of lysine with antifibrinolytic activity that has been used to reduce blood loss and need for blood transfusion in surgical procedures. 169 However, only 1 trial has studied its effect during abdominal myomectomy using intravenous tranexamic acid (10 mg/kg patient body weight to a maximum of 1 g) given 15 minutes before skin incision versus placebo. The trial did show average reduced blood loss of 243 mL, but did not reach the authors' level of clinical significance (250 mL). 170
Gelatin-thrombin matrix
Gelatin-thrombin matrix is a hemostatic sealant with bovine derived gelatin and thrombin components. In contrast to fibrin glue, gelatin-thrombin matrix is hydrophilic and adheres well to wet tissue. When applied to tissue, the large concentration of thrombin and gelatin can result in rapid hemostasis, which may be useful in gynaecologic surgery. 162 In one randomized study, application of the gelatinthrombin matrix to the site of uterine bleeding resulted in less intraoperative and postoperative blood loss than no application during abdominal myomectomy. 162 Five of 25 (20%) patients in the control group required a blood transfusion, while none in the treatment group were transfused (P < 0.001).
Intraoperative Uterine Artery Occlusion
Another option is to perform UAO by laparoscopy at the time of myomectomy, although the benefit seems controversial. In one study comparing laparoscopic myomectomy with or without UAO, blood loss did not differ significantly and operating time was slightly longer when UAO was performed. 171 In another study, the mean operative time was significantly longer (107 minutes vs. 93 minutes; P = 0.03), but there was less intraoperative blood loss (84 mL vs. 137 mL; P < 0.001) in the UAO group, with no blood transfusions. 172
Peri-cervical tourniquet
In 2 trials, occlusion of the uterine artery with or without occlusion of the ovarian arteries significantly reduced blood loss during myomectomy and the need for blood transfusion. 173, 174 
Anti-adhesion barriers
After the completion of myomectomy, application of antiadhesion barriers has been proposed and there is evidence of significant reduction in adhesion formation with some of them. [175] [176] [177] However, none of these adjuncts has demonstrated an improvement in fertility and pregnancy outcomes. 
Uterine Artery Embolization
An SOGC clinical practice guideline on UAE has been published, 178 and an up-to-date-review of UAE to treat uterine fibroids is included in the upcoming SOGC guideline. 19 UAE is a procedure carried out by interventional radiologists and consists of injecting an occluding agent into one or both uterine arteries. First described in 1995, it has become one of the most common alternative conservative therapies offered to women with sympotomatic uterine fibroids. The procedure is minimally invasive and performed with the patient awake, but it is associated with significant immediate post-procedure discomfort, although recovery and return to function are rapid. Very large uteri (over 20 weeks) may not have a clinically significant response. Single submucosal fibroids or subserosal fibroids may respond better to surgery than UAE.
Though successful pregnancies have been reported following UAE, 179 an RCT comparing UAE to myomectomy showed that pregnancy rates were lower and miscarriage rates higher following UAE. 180 This option is still best reserved for women who do not desire future pregnancy.
A 2013 review and meta-analysis reported on complications and re-intervention of UAE for symptomatic uterine fibroids. Common complications were vaginal discharge and fever (4.0%), bilateral UAE failure (4.0%), and postembolization syndrome (2.9%).
The study concluded that overall, UAE has a significantly lower rate of major complications relative to surgery, but it comes at the cost of increased risk of re-intervention in the future. 181 Educating patients about the rate and types of complications of UAE versus surgery, as well as the potential for reintervention, should help the patient and clinician come to a reasoned decision. Recommendation 9. Uterine artery occlusion by embolization or surgical methods may be offered to selected women with symptomatic uterine fibroids who wish to preserve their uterus. Women choosing uterine artery occlusion for the treatment of fibroids should be counselled regarding possible risks, including the likelihood that fecundity and pregnancy outcomes. (II-3A)
Focused Energy Delivery Systems
A number of focused energy delivery systems have been tested in the past decade including those based upon radiofrequency electricity, supercooled cryoprobes, and most recently, MRg-FUS or high frequency ultrasound guided transcutaneous focused ultrasound ablation. [182] [183] [184] [185] A major disadvantage of all systems and techniques used to desiccate or ablate fibroids may be that they treat one fibroid at a time and they target the centre of fibroids, while fibroids have been shown to grow mostly from their periphery. 186 These technologies are relatively new and although many are promising, they often lack long-term data, which interferes with our ability to present all risks and benefits with assurance. Ongoing research and data collection are required to assess the relative merit of newer options as the technology continues to expand.
MR-guided focused ultrasound
The ExAblate 2000 (InSightec Inc., Haifa, Israel) was the first clinical MRg-FUS system approved by the FDA for treating uterine fibroids. Case series for MRg-FUS ranging from 51 to 359 patients have been published and shortterm efficacy is adequate, but complications such as skin burns have occurred in up to 7% of patients and at least one bowel perforation was reported. 182, 187, 188 Disadvantages of the MRg-FUS system include high exclusion rate, requirement of an MR machine, prolonged time (minutes to several hours), treatment of 1 fibroid at a time, and ablation of fibroids centrally, while fibroids seem to grow peripherally.
Radiofrequency myolysis
A new development in laparoscopic myolysis involves delivering of RF energy to myomas under ultrasonic guidance in an attempt to dessicate them directly. The Acessa RFVTA system by Halt Medical has been approved for fibroid treatment in Canada. Mapping of myomas is performed by laparoscopic and ultrasound visualization. When a myoma is targeted for ablation, the RF probe is inserted percutaneously under laparoscopic guidance through a 2-mm skin incision. A recent multicentre trial concluded that RFVTA of myomas is well tolerated and results in rapid recovery, high patient satisfaction, improved quality of life, and effective symptom relief. 189 Total mean fibroid volume was reduced by 45.1% and mean blood loss by 38.3% at 12 months post-procedure. Disadvantages of the Halt System include the requirement of laparoscopy and concomitant use of ultrasound, additional percutaneous skin incision(s), its treatment of 1 fibroid at a time (< 8 cm diameter), and its ablation of fibroids centrally while fibroids grow peripherally.
Summary Statements
9. Of the conservative interventional treatments currently available, uterine artery embolization has the longest track record and has been shown to be effective in properly selected patients. (II-3) 10. Newer focused energy delivery methods are promising but lack long-term data. (III)
SPECIAL CONSIDERATIONS
Acute Uterine Bleeding
Acute uterine bleeding unrelated to pregnancy has been defined as that which is sufficient in volume, in the opinion of the treating clinician, to require urgent or emergent intervention. 190 Women with fibroids may present with acute intraperitoneal or vaginal hemorrhage, which can become life-threatening on rare occasions. Since acute uterine bleeding may or may not be associated with leiomyomas, the approach to investigation and treatment should be the same. 45 Endometrial biopsy and sonographic and hysteroscopic evaluation of the uterine cavity may be limited because of patient instability, excessive bleeding, and/or blood clots. Although the evidence is very limited, after resuscitation is initiated and other causes of bleeding are ruled out by history, physical examination, and preliminary imaging, the usual approach used for acute uterine bleeding should be for uterine hemorrhage associated with fibroids. 17, 191, 192 Only a few treatments used for acute bleeding have been studied in the context of uterine fibroids.
Tranexamic acid, 1 g intravenously over 10 minutes or orally, 3 times daily for 5 to 7 days, has also been shown to be relatively effective when used to treat heavy menstrual bleeding in patients with fibroids. [193] [194] [195] There is no evidence that tranexamic acid increases the incidence of thromboembolic disease, even when used in women at high risk. The risk of thromboembolism is less than 1%. 196, 197 Of all the hormonal options available for women with fibroids, ulipristal acetate has the most rapid documented onset of action and control of bleeding, with 80% of women achieving a pictorial blood assessment chart score < 75 within 7 days. However in the published studies, the treatment was initiated at onset of regular menses, and the results may not be applicable to intermenstrual bleeding or acute hemorrhage. 198 Placement of an intrauterine Foley catheter has been described as a method to temporize bleeding until hormonal/medical therapies can take effect. The Foley balloon is left inflated for 1 to 48 hours depending on a number of factors, including the suspected cause of the bleeding. 199, 200 Occasionally, fibroids are found prolapsing through the cervix and their removal (myoma extraction) will usually stop the bleeding. Submucous fibroids may bleed heavily and some may prolapse through the cervix after initiation of GnRH agonist therapy or treatment by uterine fibroid embolization. 201 There are case reports of emergency EA to control acute uterine bleeding. 202, 203 EA and hysteroscopic myomectomy of submucous fibroids associated with bleeding is an option, but may be technically difficult due to poor visualization. If the woman does not respond to conservative measures, UAE can be performed if it is readily available. In cases where the bleeding is severe and not responsive to any of these measures, an emergency hysterectomy may need to be performed.
Recommendation
10.
In women who present with acute uterine bleeding associated with uterine fibroids, conservative management with estrogens, selective progesterone receptor modulators, antifibrinolytics, Foley catheter tamponade, and/or operative hysteroscopic intervention may be considered, but hysterectomy may become necessary in some cases. In centres where available, intervention by uterine artery embolization may be considered. (III-B) 
